A total of 89 760 human and 22 551 non-human isolates of salmonella were serotyped in Canada during the period 1983-92. There were 2180 reported outbreaks associated with 10 065 cases during the 10-year period. The most common salmonella serovars isolated from human and non-human sources were S. typhimurium and S. hadar. The third and fourth most common serovars from human sources were S. enteritidis and S. heidelberg, respectively, and from non-human sources they were S. heidelberg and S. infantis. The number of S. typhimurium isolations from human and non-human sources showed a downward trend over the 10-year period. A total of 222 outbreaks of S. typhimurium associated with 1622 cases occurred. The S. hadar isolations from human and non-human sources reached a peak during the years 1987-90 and declined thereafter. The number of human isolates of S. enteritidis increased until 1985 and fluctuated at a level of 8n3-12n8 % of all human isolates thereafter. Seventy-three outbreaks of S. enteritidis infection associated with 568 cases occurred. More than 50 % of the S. enteritidis infections in humans were caused by phage type (PT) 8. During the review period, infections caused by PT4 were less common and were almost exclusively found in people who had travelled abroad. The annual isolation rates of S. heidelberg from human and non-human sources increased steadily during the period. Bacteriophage typing of serovars from outbreaks showed that contaminated food products of poultry and bovine origin were common sources of human infection. Salmonella typhi was identified as the cause of 43 small outbreaks affecting 116 persons.
INTRODUCTION
Salmonella is an important zoonotic pathogen in humans and animals. Infection of animals with various serovars of salmonella sometimes results in serious illness and always constitutes a vast reservoir for the disease in humans [1] . Monitoring the occurrence and the frequency of distribution of salmonella serovars from human, animal, food and other sources is important to detect possible outbreaks, to identify possible sources and to target prevention and control measures. Surveillance permits * Author for correspondence. a better understanding of the epidemiology of salmonellosis. The fact that a number of the same serovars are found on lists of the 10 most commonly isolated serovars from human and animal sources underlines the importance of this relationship [2, 3] . Poultry, meat, milk, dairy products, person-to-person spread and pet-to-person exposures have caused many outbreaks [2] [3] [4] . Salmonella typhimurium has been the most frequently isolated serovar in Canada and the US and improperly pasteurized milk has caused the largest food-borne outbreaks in both countries [5, 6] . The present survey sets out the yearly isolation rates of salmonella from humans and animals in Canada Table 1 . The ten most commonly isolated salmonella from human sources in Canada during the years 1983-92 2765 100 Salmonella in humans and animals in Canada during the period 1983-92. Annual frequency of isolation of serovars, outbreaks, numbers of cases per outbreak and phage types that linked the source to human illness, are reported.
MATERIALS AND METHODS

Isolates
During the 10-year period 1983-92 a total of 89 760 human and 22 551 non-human isolates of salmonella ( Table 1) and\or results of serotyping were submitted by various Provincial Public Health Laboratories, Federal Laboratories and Veterinary Laboratories for serotyping and\or phage typing to the National Enteric Reference Centre, Laboratory Centre for Disease Control (LCDC), Ottawa, Canada [7] . Isolates serotyped and\or phage typed were designated strains.
Serotyping
Serological identification of Salmonella spp. was performed as described by Ewing [8] . The antigenic formulae of Le Minor and Popoff [9] were used to name the serovars.
Phage typing
The standard phage typing technique described by Anderson and Williams [10] was employed throughout. Strains that did not conform to any recognized phage type were considered atypical (AT). Strains which did not react with any of the typing phages were considered untypable (UT). The phage typing scheme for S. typhimurium, developed by Callow [11] and further extended by Anderson [12] and Anderson and colleagues [13] , together with its phages and type strains, was obtained from the International Centre for Enteric Phage Typing (ICEPT), Central Public Health Laboratories, Colindale, UK. Phages used for the typing of the S. typhimurium phage types 771, 772, 811, 841 and 921 were isolated and propagated at the Laboratory Centre for Disease Control (LCDC), Ottawa, Canada [14] . The extended phage typing scheme for S. typhi [10, 15] , S. paratyphi B [12] , S. enteritidis [16] , and the scheme for S. hadar [17] together with its phages and type strains were obtained from the ICEPT. Phage typing schemes for S. heidelberg, S. infantis, S. newport, and S. thompson were developed at the LCDC. 
Surveillance
The present summary is based on passive laboratorybased salmonella surveillance [7] . No distinction was made between symptomatic and asymptomatic infection or chronic carriage of human isolates. Cases of suspected salmonellosis without laboratory confirmation were not included. As noted by Hargrett-Bean and colleagues [18] , such a surveillance system has inherent biases. Many factors, including intensity of surveillance, severity of illness, access to medical care, and association with a recognized outbreak, affect whether an infection will be reported. Infants, the elderly, and severely ill patients are all more likely to have stool cultures performed. Reporting of human salmonella infections is incomplete and the true incidence of human salmonellosis is substantially underestimated. However, these data permit broad comparisons, and identify trends, reservoirs and routes of transmission of salmonella serovars.
RESULTS
The numbers of salmonella strains that were isolated from human and non-human sources and serotyped in Canada during the 10-year period 1983-92 are shown in Tables 1 and 2 , respectively. The annual human salmonella isolates serotyped varied between 7128 and 10 698 strains per year and averaged 8976 strains. The non-human salmonella isolates serotyped annually varied between 1166 and 3208 strains with an average of 2255 strains. The 10 most frequently isolated serovars from human and non-human sources consisted of 68 262 or 76n0 % of all the isolates from human sources, and 12 697 or 56n3 % of all salmonella isolated from non-human sources. The two most (Tables 1  and 2 ). The annual human isolation rate reached a high of 15n3-17n8 % of all isolates during the years 1987-90 ( Table 1) . The third and fourth most common serovars from human sources were S. enteritidis and S. heidelberg respectively ; from non-human sources they were S. heidelberg and S. infantis (Tables 1 and 2 ). The annual isolation rates of S. enteritidis from human sources increased considerably during the 10-year period ( Table 1 ). In contrast, S. enteritidis ranked as the eighth most common serovar isolated from animal, food and other non-human sources during the 10-year period and increased isolation rates were found only in 1990 and 1992 ( Table 2 ). The annual isolation rates of S. heidelberg from human and non-human sources increased gradually over the 10-year period ( Tables 1  and 2 ).
The numbers of annual isolations of S. infantis from both human and non-human sources declined gradually over the 10-year period ( Tables 1 and 2 ). The isolation rates of S. thompson from human sources increased gradually reaching a peak in 1988 and declining subsequently ( Table 1) . Salmonella berta was rarely isolated from human sources in 1983 and 1984, but the annual isolation rates rose to 533 (6n1 %) in 1990 and declined in the years thereafter (Table 1) . Among the isolates from non-human sources, S. muenster decreased from 302 or 11n9% in 1983 to only 7 isolates or 0n3 % in 1992 ( Table 2 ).
The number of outbreaks of food poisoning, the number of serovars identified during the outbreaks, and the numbers of cases affected during the outbreaks are tabulated on an annual basis for the 10- year period in Table 3 . The numbers of outbreaks listed for 1983, 1989 and 1990 were lower than in other years because some of the provincial laboratories did not report all outbreaks. During the 10-year period, S. typhimurium strains belonging to as many as 33 different phage types were isolated from 1622 cases in 222 outbreaks (Table 4 ). A total of 73 outbreaks of S. enteritidis affecting 568 cases was observed. The S. enteritidis strains that were isolated from the outbreaks belonged to 12 different phage types. There were 35 reported outbreaks of S. heidelberg infection that affected 205 people. The isolates belonged to six phage types of the provisional phage typing scheme. Forty-six outbreaks of S. hadar infection affecting 421 humans occurred. The S. hadar isolates belonged to seven phage types ; more than 75 % were PT2 (data not shown). Seventeen outbreaks of S. infantis infection affecting 124 persons occurred ; the strains belonged to seven phage types of the provisional phage typing scheme. There were 26 mostly small family outbreaks of S. thompson infection affecting 159 persons ; the strains belonged to the seven different phage types of the provisional phage typing scheme. The phage types of S. typhimurium strains isolated from human and non-human sources are shown in Table 5 . Phage type 10 was the most common among human and non-human sources. The frequency of phage types of S. enteritidis strains isolated from human and non-human sources over the 10-year period is shown in Table 6 . Phage type 8 was the most common among the S. enteritidis strains that were phage typed from human sources, followed by PT4, PT13 and PT13a, whereas among those from animal and other non-human sources PT8 was commonest followed by PT13. The isolation rates of S. enteritidis PT4 from human sources increased gradually during the period 1987-92 and PT4 became the most frequent S. enteritidis phage type in 1992. Salmonella enteritidis PT4 was seldom isolated from poultry or other nonhuman sources. During the review period, there were 43 outbreaks of human disease caused by S. typhi affecting 116 cases ( Table 7 ). The isolates belonged to 17 different phage types.
DISCUSSION
The decline in the isolation rate of S. typhimurium from humans continued during the review period and was similar to, but not as pronounced as, that which occurred in many European countries and the US [3, [19] [20] [21] . Salmonella typhimurium was the commonest serovar isolated from cattle and was also commonly isolated from swine [1, 7, 22] . The decline of S. typhimurium isolations from humans may have been related to lower consumption of beef and pork and increased consumption of poultry [23] , and was undoubtedly also influenced by the declining prevalence of S. typhimurium in poultry and poultry products during the last decades [22, [24] [25] [26] [27] [28] . However, S. typhimurium was still the commonest serovar isolated from humans in Canada in 1992. The cause of many of these outbreaks of S. typhimurium infections was not identified or could not be determined, but in a small number of outbreaks a variety of sources were identified. Incriminated foods included chicken, lamb chops, raw egg whites, cooked turkey, and cheddar cheese [7, [29] [30] [31] [32] . Other outbreaks were associated with a variety of animals including a garter snake, cats, and calves [7, 33, 34] . Phage type 10 replaced PT49 as the most common PT from human and nonhuman sources.
It was isolated from cheddar cheese and consumers thereof during a major Canadian food-borne outbreak [5, 14, 31] . Salmonella hadar infections in humans were often associated with the consumption of chickens or turkeys. In 1973 and 1974, S. hadar became established in flocks of the largest turkey breeder in Britain, spread to numerous rearing units throughout the country, and later also became prevalent in broiler chicken flocks [35, 36] . This spread was accompanied by a rapidly increasing prevalence in the human population [35] . After importation of turkey breeder stock from England to Canada and the US [37] , a rapid increase in isolations of S. hadar from humans Salmonella in humans and animals in Canada in Canada and the US associated with consumption of turkeys and broilers ensued [36, 38, 39] . In a Canadawide survey carried out in 1990 S. hadar was isolated from 33 % of broiler flocks and was the most common serovar in these flocks [27] . Also S. hadar ranked as the second most commonly isolated serovar from turkey flocks [28] . The reasons for the recent decline in the annual isolation rate of S. hadar from humans are unknown. A decline in the occurrence of S. hadar in broiler and turkey breeder flocks would probably result in lower infection rates in rearing flocks [40] and subsequent lower contamination rates of fresh broiler and turkey carcasses.
The annual isolation rates of S. enteritidis from human sources varied between 3n7 and 8n7 % of all salmonella isolates during the period 1976-82 [41] , but increased considerably during the present review period. The majority of the isolates from non-human sources were from layer and broiler flocks [26, 27, 42] , but S. enteritidis strains were rarely isolated from turkey flocks or from other animals [28, [41] [42] [43] [44] . Large outbreaks of S. enteritidis infection in humans have occurred only rarely in Canada during this period. A notable exception was an outbreak of 95 cases of infection with S. enteritidis PT13 which occurred among patients and staff of a regional hospital in Owen Sound, Ontario. A difficult-to-clean vertical mixer used to blend raw shelled eggs, minced ham and sandwich fillings, was the most likely vehicle of transmission [45] .
Salmonella enteritidis PT4 was increasingly isolated from human sources during the period 1987-92 but was seldom isolated from poultry or other non-human sources [41] [42] [43] . The difference between the increased isolation rates of S. enteritidis PT4 from human sources compared with those from non-human sources may be explained by the observation that almost all of the human isolates of S. enteritidis PT4 were acquired while travelling abroad [46] and the finding that the rapid rise of S. enteritidis in the European countries and South America was primarily due to a dramatic rise in the occurrence of S. enteritidis PT4 [19, 20] . One of the main reasons why the numbers of S. enteritidis PT4 infections have not increased in the human population in Canada to such an extent as in the European countries may be related to its absence in breeder flocks and consequently its absence in layer flocks [26, 47] . Salmonella enteritidis PT4 was isolated only once from the environment of laying hens [42] . Another reason may be the common practice in Canada of refrigerating table eggs from the producer to the consumer. No growth of S. enteritidis strains of different phage types occurred when eggs were stored at 8 mC [48] .
There is evidence that may link S. heidelberg in laying hens and eggs with its occurrence in humans. Salmonella heidelberg was the commonest serovar isolated from layer flocks and the second most commonly isolated serovar from turkey flocks in nation-wide Canadian surveys conducted in 1989 and 1990 [26, 28, 47] , and also the commonest serovar isolated from the ovaries of spent hens during a survey in the US [49] . Infection of ovaries and oviducts with salmonellas may result in the contamination of eggs [50, 51] . An egg-associated outbreak of S. heidelberg infection affected 91 of a total of about 1000 persons who attended a convention in New Mexico and consumed eggs that appeared to be ' runny ' and insufficiently cooked [52] . Despite its frequent isolation from laying hens [26, 47, 49] and their environment [26] , S. heidelberg did not become the most common serovar isolated from humans. One of the reasons may be that S. typhimurium and S. enteritidis are more pathogenic for susceptible human hosts (infants, the elderly, and those compromised immunologically) than S. heidelberg [53, 54] .
In one outbreak at a home for the elderly, 44 symptomatic and 71 asymptomatic cases of S. infantis occurred. The source of the outbreak was not identified, but food preparation practices were suboptimal [7, 55] . Human infection with S. muenster was associated with the drinking of raw milk by farm families [56] . Outbreaks of S. muenster infection in dairy cattle in Ontario were characterized by diarrhoea, fever and occasional abortion [56] .
The S. typhi outbreaks were mainly family outbreaks (contact-cases) and were often limited to two or three persons per outbreak. Almost all of the S. typhi strains were isolated from visitors and immigrants to Canada and from patients who had travelled to countries where S. typhi contamination and infection occur more frequently than in Canada. A single indigenous case occurred in New Brunswick in 1986 associated with the consumption of mussels. Salmonella typhi Vi positive phage type A was isolated [57] .
In summary, during the 1983-92 period, Salmonella enteritidis did not become the most frequently isolated salmonella serovar in Canada as happened in many other countries. The isolation rates of the common salmonella serovars from human sources (S. typhimurium, S. hadar and S. heidelberg) generally showed the same trends as those isolated from animal sources in magnitude and annual frequencies. Bacteriophage typing of serovars from outbreaks showed that contaminated food products of poultry and bovine origin were common sources of human infection in Canada.
